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400a Monday, February 17, 2014However, the decreased donor’s fluorescence lifetime in FRET can have two
reasons (1) the conformational change or (2) change in fraction of interacting
proteins. Here we present a comprehensive analysis method to extract all the
information from low number of photons typical for fluorescence imaging.
Using a 3-species model, we analyzed the sub-ensemble data and found the
decay pattern of each species, and then the decay patterns were applied to
obtain pixel-wise species fractions for the entire image.
The method was applied to study the different protein interactions in planta.
The studied protein interactions are listed below classified by the signaling
pathway they belong to:
1. CLAVATA pathway: CLV1, CLV2 and CORYNE (CRN).
2. Flagellin pathway: brassinosteroid-insensitive1-associated kinase1 (BAK1)
and flagellin-sensitive 2 (FLS2).
We were able to monitor the formation of FLS2-BAK1 receptor complexes
over time after infiltrating the ligand flg22. Utilizing this method, we also
show that the complex of CLV1, CLV2 and CRN is already assembled before
ligand-binding, but that CLV3-binding to CLV1 could induce changes in the
receptor complex formation and conformation in certain region of the cell
membrane.
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RNA localization and local protein synthesis plays an essential role in synaptic
plasticity as well as learning and memory. However it has not been possible to
image the dynamics of mRNAs under the influence of synaptic signaling in a
live neuron. Here, we develop a fluorescence microscopy method to visualize
endogenous mRNAs with single molecule sensitivity and at the same time to
deliver synaptic stimulation at a single synapse. To visualize endogenous
mRNA, we used a transgenic mouse in which 24xMS2 binding sites had
been knocked into the 3’ untranslated region (3’ UTR) of the essential b-actin
gene. We introduced fluorescent protein tagged MS2 coat proteins in the
cultured primary hippocampal neuron to label the endogenous b-actin
mRNA. We built a microscope that is able to stimulate a single dendritic spine
with photo-uncaging of neural transmitters. With this system, we verified that
repeated synaptic stimulation by photo-uncaging resulted in structure plasticity
and long term potentiation of a single spine. We investigated the dynamics of
b-actin mRNA under the influence of synaptic stimulation. We found that sin-
gle b-actin mRNAs localized to the base of the stimulated spines. Subsequent
neuropharmacology study revealed that this stimulation dependent mRNA
localization phenotype depends on the synaptic signaling through NMDA re-
ceptor. This project is supported by the grant GM84364 from National Institute
of Health to RHS.
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We have demonstrated a new detection method used in two-photon fluores-
cence microscope called the DIVER (Deep Imaging via Enhanced-Photon
Recovery) with enhanced capabilities for deep tissue imaging. The micro-
scope uses a large area photo-detector to collect scattered emission photons
directly from the wide area of a specimen. This detection scheme allows
for increasing the imaging depth in tissues by about 6 folds due to a unique
detector design and its increased photons collection efficiency compared to
conventional methods. The DIVER system is also capable of performing
Fluorescence Lifetime Imaging (FLIM), a very powerful tool to segregate
various features in cells and tissues. The combination of deep tissue imaging
and fluorescence lifetime provides contrasted images based on physiological
parameters at depths that are not achievable by conventional microscopes.
The DIVER potentially can be useful for imaging of various tissue samples,
in particular for human skin cancer diagnostics, providing 3D cellular
resolved images. We present the principle of operation of the microscope
and show images obtained in unstained tissues in the heart, liver, kidney,lungs and other organs of mice. As an example of SHG in biological tissue,
we have imaged the medial thigh muscle of a mouse obtained from the upper
region of the leg. The muscle, roughly 3-4 mm thick, multiple z-stack images
were acquired at field of view ranging from 400-900 mm, we can see the
organization of the sarcomeres as well as the striations present in each sarco-
mere. We also have taken z-stack of the mouse heart where upon 3D recon-
struction we can differentiate the different layers of the heart muscle as well
as the ventricle.
This work is supported in part by NIH grants P50 GM076516 and P41
GM103540 and the Keck grant KF 50242.
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Recent advances in Optical Microscopy are mainly related to fluorescence su-
per resolution methods. Since the request for challenging applications on cell
aggregates (i.e., tumor spheroids) or tissues/organs and small organisms (i.e.
zebrafish) is growing, scattering is a very important issue in image analysis.
As well, polarization properties of the excitation/absorption and emission prop-
erties can provide further information on the single molecule organization
within the sample. I am hereby proposing, as done on confocal microscopy
[1,2], an improvement of advanced methods, including SHG imaging, utilizing
Mueller calculus and differential polarization/scattering imaging [3], and
exploiting optically active biological structures [4] with particular interest in
chiral objects [5]. Fluorescence and SHG data can be enriched by Mueller ma-
trix signature. Since it was demonstrated the possibility of getting ultrastruc-
tural information about chromatin-DNA organization by means of circular
intensity differential light scattering [6], the Mueller matrix integrated
approach allows moving forward label free imaging. A Mueller Matrix polar-
imetry [7] integrated architecture will be discussed based on photoelastic mod-
ulation (vs. Pockels cell) in a polarization generator along the excitation
pathway duplicated in the detection one and a classical electrodynamics model
of data interpretation [8].
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This paper describes recent research in developing a high-resolution optical mi-
croscope capable of real-time quantitative phase imaging to study morpholog-
ical changes such as relative optical volume and optical thickness in cellular
structures. A pixelated wire grid polarizer mask bonded to a CCD camera
sensor enables simultaneous measurement of multiple phase contrast interfer-
ence patterns. These data are processed in parallel to obtain phase, optical
path difference (OPD), optical thickness (OT), optical volume (OV), simulated
DIC (gradient), simulated dark field (gradient magnitude), and 3D typographic
movies.
Results will be presented of
quantitative measurements
of optical volume changes
in beating rat cardiac myo-
cytes before and after
treatment with IPHC (iso-
proterenol hydrochloride).
Full phase and topographic
data were obtained at 15
frames/sec. Live cells were
prepared and grown on
either #1 coverslips or high-
ly reflective slides.Cells cul-
tures were placed into a
